Recently we have established a system in Bacillus subtilis in which gene replication proceeds synchronously from the origin of the chromosome using the germination stages of spores (Oishi, Yoshikawa, and Sueoka, 1964) .1 This system has made it possible to identify the replicated parts of the chromosome by density transfer experiments and was applied to decide and analyze the genetic loci corresponding to ribosomal RNA (16S and 23S) on the B. subtilis chromosome (Oishi and Sueoka, 1965) .2 Since little is known about the genetic background of soluble RNA in contrast to its biological importance, it is now quite interesting to identify PRoc. N. A. S. the genetic loci corresponding to soluble RNA on the chromosome. The results should provide basic information on the regulation of soluble RNA biosynthesis.
By using almost the same techniques as for the determination of ribosomal RNA loci, including synchronous replication of the chromosome (Oishi, Yoshikawa, and Sueoka, 1964) 1 and the specific hybridization technique between DNA and soluble RNA (Giacomoni and Spiegelman,3 Goodman and Rich4), preliminary results have shown that the majority of sRNA loci seem to be also located on the proximal part of the chromosome close to the ribosomal RNA loci (Oishi and Sueoka, 1965) .5 Dubnau, Smith, and Marmur (1965)6 reported similar results. However, the possibility of having a sizeable fraction of sRNA loci located in distal parts of the chromosome could not be eliminated.
This paper will present further experimental evidence on loci of soluble RNA in B. subtilis. The results clarify the situation to a considerable extent. Thus, almost all loci for sRNA can be assignable in the starting region of the chromosome, or, more specifically, between two adenine markers (ade-16 and ade-6). The sRNA loci are distinct from ribosomal loci, although they locate in the similar area on the genetic map.
Materials and Methods.-Bacterial strains: A wild-type strain (168) of B. subtilis was used for preparation of D20 spores and standard DNA. A uracil-requiring mutant (168 ura-his) was used for preparation of labeled soluble RNA and ribosomal RNA. Three triple mutants derived from W168 strain Mu8u5u16 (leu-met-ade), Mu8u5u6 (leu-met-ade), and Mu8u5u5 (leu-met-thr) were used as recipients for transformation.
Media: A medium for preparation of D20 spores on plates consisted of 14.0 gm K2HPO4, 6 .0 gm KH2PO4, 2.0 gm (NH4)2S04, 0.2 gm MgSO4 *7H2O, 1. 0 gm Na citrate * 2H20, 40 mg CaC12, 4 mg MnCl2, 5.0 gm glucose, 5.0 gm potato extract (Difco Lab., Detroit, Michigan), and 20 gm agar, dried in vacuo, dissolved in 1000 ml of D20 (99.7%, General Dynamics Corp., San Carlos, Calif.), and autoclaved in tightly capped glass bottles. D20 spore germination medium consisted of 11.7 gm/1000 ml (H20) Difco Penassay. Low-uridine medium was a medium for preparation of H3-soluble RNA and H3-ribosomal RNA whose composition was reported previously.2
Preparation of D20 spores: Strain W168, adapted in D20 previously, was plated on D20-sporulation agar and incubated at 370C for 10 days. The spores formed were purified as reported previously. ' Preparation of lysates from germinated spores: D20 spores were germinated in a germinating medium at 37°C with constant shaking. At various times during germination, 135-150 ml of samples were taken and lysates were prepared as reported previously,2 except that a dilute versenesaline (0.01 M EDTA, 0.15 M NaCl pH 8.0) was used this time.
Fractionation of DNA by CsCl density gradient centrifugation: The lysate was mixed with CsCl solution,7 adjusting density to 1.70, and centrifuged at 35,000 rpm in Spinco SW 39 rotor for 56 hr at 22-25°C. The RNA fraction sedimented at the bottom of the tubes was carefully removed through small holes pierced at the bottom of the tubes. After readjusting the density of the remaining solution, samples were again centrifuged in the same way at 35,000 rpm for another 56 hr and then at 32,000 for 60 hr. One-drop fractions were collected from the bottom of the tubes and diluted with 0.8-0.9 ml of tris buffer (0.015 M pH 7.4) to adjust CsCl concentration to approximately 0.27 M.
The optical density of DNA distributed in parental, hybrid, and light bands was measured by Zeiss spectrophotometer at 260 mMu using a semimicrocuvette.
Isolation and denaturation of standard DNA (B. subtilis) and carrier T2 DNA: Standard DNA (B. subtilis W168) was isolated from the cells harvested at the exponentially growing phase in a basal medium8 supplemented with casamino acids (Difco 500,ug/ml), purified and denatured as reported previously.2 Bacteriophage T2 DNA was isolated by the phenol method9 and denatured as for B. subtilis DNA.
Preparation of H3 labeled soluble RNA and ribosomal RNA: (1) H3-labeled soluble RNA: Strain 168-ura-his was grown at 37°C with constant shaking in 20 ml of the low-uridine medium contain-ing 100 jac/ml of H3-uridine (sp. act. 32 jic/jig, New England Nuclear Corp., Boston, Mass.).
When bacterial growth reached the stationary phase, cells were washed, resuspended in 40 ml of the same medium containing a high concentration of nonradioactive uridine (100jug/ml), and incubation was continued for another 60 min. The cells were washed, resuspended in 1.0 nil trisMgCl2 buffer (tris 0.01 M, MgCl2 0.005 M pH 7.3), shaken with an equal volume of H20-saturated phenol for 120 min, and soluble RNA was precipitated with 2.5 vol of ethanol. The precipitation was repeated once more. The crude soluble RNA fraction was then applied to a methylated albumin column10 for further purification. Pooled soluble RNA fraction was dialyzed against water and concentrated after lyophilization.
(2) H3-labeled ribosomal RNA: H3-labeled ribosomal RNA (23S) used in these experiments was the same preparation as reported previously.2
Preparation of nonradioactive soluble RNA and ribosomal RNA: Soluble RNA was extracted with phenol from the exponentially grown cells (W168) in the Penassay medium and purified by the same procedures as described for radioactive sRNA. Ribosomal RNA (16S and 23S) was isolated and purified by the same procedures as for the radioactive ribosomal RNA reported previously,2 except that the cells (W168) were harvested at the exponential phase of the cell growth in a basal medium8 supplemented with casamino acids (Difco 500 ,ug/ml).
Hybridization of DNA with labeled soluble RNA and ribosomal RNA: (1) Hybridization of fractionated DNA after spore germination with H3-labeled soluble RNA: First, 0.40 ml of each fraction (diluted as mentioned before) from CsCl density gradient centrifugation was mixed with 7 jug (0.07 ml) of denatured T2 DNA (carrier DNA), heated at 100°C for 12.5 min, and rapidly chilled. Then to each tube, labeled soluble RNA (0.1 jug of H3-soluble RNA in 0.1 ml, sp. act. 2.1 X 105 cpm/jug) was added. Incubation was performed in a water bath at 750C for 120 mi. After incubation, RNase (2 jg, Worthington Biochemical Corp.) and RNase T1 (5 units, Sankyo Co., Tokyo) were added and incubated further at 37°C for 20 min, followed by the addition of 9 ml 0.5 M KCl solution. Hybridized material was trapped on a membrane filter (B-6, Carl Schleicher and Schuell Co., Keene, N.H.) by the method of Nygaard and Hall.1' Radioactivity was measured by a liquid scintillation counter.
(2) Hybridization of fractionated DNA after spore germination with H3-labeled ribosomal (23S) RNA: First, 0.16 ml of each fraction was mixed with 0.24 ml of 2 X SSC (0.30 M NaCl-0.03 M Na3 citrate) and 0.07 ml of denatured T2 DNA solution (100 jug/ml). Then the mixture was heated at 100°C for 12.5 min and quickly chilled. To each tube, labeled 23S ribosomal RNA (0.1 jug of H3-labeled 23S RNA in 0.1 ml, sp. act. 2.0 X 106 cpm/jug) was added. Incubation was performed in a water bath at 68°C for 180 min. Hybridized radioactivity was measured under the same conditions mentioned above.
(3) Hybridization of standard DNA: Denatured B. subtilis DNA (standard DNA) was hybridized with radioactive soluble RNA or ribosomal RNA (23S) in a tris buffer (0.01 M, pH 7.4) containing CsCl and denatured T2 DNA under the conditions described in the legend of each figure.
Sometimes MgCl2 (2 jumoles/ml) was added to the mixture.
Transformation: Transforming activities were assayed according to a method of Anagnostopoulos and Spizizen.8 To 2.0-2.5 ml cell suspension, 0.04 ml of each fractionated sample was added and incubated at 37°C for 40 min with constant shaking, and DNase (1 jig/ml) was added to stop the reaction. Usually 0.1 ml of the reaction mixture was plated in duplicate for each marker.
Results.-Hybridization of soluble RNA with DNA: Hybridization between H3-labeled sRNA and denatured B. subtilis DNA was carried out as described in Materials and Methods. As shown in Figure 1 , formation of the hybrid molecule reached a plateau between 120 and 150 min incubation at 75°C under the conditions described in the legend. The saturation curves of labeled sRNA hybridized with limited amounts of DNA in two different conditions are shown in Figure 2 . In either case, approximately 0.07 per cent of B. subtilis DNA was hybridized with H3-sRNA. This value is almost three times higher than the value reported in E. coli.3' 4 This point will be discussed later.
Competitive dilution of hybridization among soluble RNA, 16S RNA, and 23S RNA for loci on the DNA: In order to eliminate the possibility of contamination with other sorts of RNA in the labeled soluble RNA fraction and also the possibility of nonspecific hybridization of soluble RNA and ribosomal RNA with DNA, hybrid competition techniques have been employed. An increasing amount of unlabeled homologous or heterologous soluble 168 and 23S RNA was added to a series of incubation mixtures for hybridization containing a constant amount of labeled soluble RNA (Fig. 3A) and 23S RNA (Fig. 3B) . As is shown in Figure 3A , the hybrid formation of DNA with H3-sRNA was diluted by the addition of unlabeled sRNA along the theoretical curve which was calculated from the dilution effect of unlabeled sRNA on H3-sRNA. On the other hand, no competitive dilution effect was observed when an increasing amount of unlabeled 16S or 23S RNA (maximum: Methods).
10 times the weight of H3-sRNA) was added. The reverse dilution experiment (Fig.  3B) , in which the reaction mixture of H3-23S RNA and DNA was added with increasing amounts of unlabeled sRNA, 16S, and 23S RNA, indicated that hybrid formation with H3-23S RNA was reduced only by unlabeled homologous 23S RNA, but not by unlabeled sRNA or 16S RNA. These results and a different saturation plateau of H3-sRNA hybridization (Fig. 2) from that of ribosomal RNA2 suggest that (1) sRNA loci are located on a different position from ribosomal RNA loci on the B. subtilis chromosome, and (2) there is no contamination of other sorts of RNA, especially fragments of ribosomal RNA, in this H3-sRNA preparation, which might cause some misinterpretation of the results. Synchronization of chromosome replication: Synchronizaton of chromosome replication during spore germination was performed by germinating D20 spores in an H20 Penassay medium, using the same procedure as reported previously.' The transfer system, in which spores of a thymine-requiring strain were germinated in a 5-bromouracil-containing medium (Oishi and Sueoka, 1965 ),2 was not adopted this time because of some deleterious effect of 5-bromouracil on synchronous replication of the chromosome. This point will be discussed later. The replication order of markers used in the present experiments were ade-16, ade-6, thr, and leu.12 Figure 4 represents the change in optical density of the spore suspension during germination as a function of time of incubation. Samples were taken at 40, 45, and 48.5 min after incubation as indicated, and cell lysates were fractionated by CsCl density gradient centrifugation as described in Materials and Methods.
Hybridization offractionated samples: A part of each DNA fraction of the three samples obtained after CsCl density gradient centrifugation was hybridized with H3-labeled sRNA and 23S RNA, and the rest was used for assaying transforming activities. Profiles of hybridized radioactivity with H3-sRNA and H3-23S ribosomal RNA were compared with transforming activities of genetic markers whose locations on the chromosome were known (Fig 5) . Judging from the profiles of optical density, separation of the parental and hybrid peaks was not as good as in the 5-bromouracil transfer experiments. However, the position of each peak is readily recognized by the position of transforming activities of the different markers.
The first sample in Figure 5 (sample 1 of Fig. 4) shows that the majority of DNA is in the main parental peak and a small amount is in the hybrid peak. two sorts of RNA. The hybridizable DNA with sRNA remained more in the parental peak than those with 23S RNA. These results suggest that most of the sRNA loci in B. subtilis are at a distal part of the ade-16 marker and the proximal part of the ade-6 and thr markers, and also close to the ribosomal RNA loci. In the next preparation (sample 2), taken 5 min later than the first sample, the situation is clearer. The hybridized DNA with both sRNA and 23S RNA had transferred to the hybrid region almost completely in the same manner, even though a small fraction remained in the parental region, which is shown as a shoulder of a peak. The amount of hybridizable activities which remained in the parental peak is calculated to be not more than 10 per cent of the activities already transferred to the hybrid region and is less than the portions of the ade-6 and thr markers remaining in the parental peak. On the other hand, most of those of the leu marker still remained at the parental region. Judging from the transformation profile of a known marker, thr 0.27 map position, approximately 25 per cent (average) of the chromosome from the initiating point had replicated in this preparation. These results suggest that most of the sRNA loci on the chromosome of B. subtilis are not scattered over the chromosome but confined to a proximal part of the chromosome close to the ribosomal RNA loci between the ade-16 and ade-6 markers.
In the third preparation, profiles of hybridizable DNA with H3-sRNA and H3-23S RNA are almost the same as the second sample, except that a shoulder at the parental region was reduced and a small but distinct peak appeared at the light region, indicating that dichotomous DNA replication" 13 had begun to occur at these regions. Note that the ade-16 marker is almost completely at a dichotomous state.
Throughout these three samples, the profiles of hybridizable DNA with H3-sRNA were always similar to those of H3-23S RNA. However, there seems to be a small but definite difference between the profiles of sRNA and 23S RNA, especially in the first sample. This suggests that sRNA loci are located close and distal to ribosomal RNA loci. No such difference was observed between the profiles of 16S and 23S RNA in almost the same condition as described here.2 A map showing relative positions of these loci is given in Figure 6 .
Discussion.-The D20-H20 transfer system of spore germination was used in the present experiment to assure the total transfer of the starting region of the chromosome between the origin and the thr marker to hybrid DNA. This was not the case in our previous experiment using the thymine-5-bromouracil transfer system,2 in which synchronization of chromosome replication was already starting to break down at the region of the thr marker. This made the localization of ribosomal RNA somewhat ambiguous. Thus, although the results showed that the majority of the ribosomal RNA loci are in the region between ade-16 and thr loci, the possibility of having an appreciable number of them in the distal region of the chromosome could not be excluded (see Oishi and Sueoka, 1965) .2 This possibility is now mostly eliminated for both ribosomal and soluble RNA (see Fig. 5 ). Although the results presented here suggest that sRNA loci are located between two adenine markers and close to the ribosomal RNA loci (16S and 23S), our present techniques could not determine whether these sRNA loci form a complete cluster on a restricted region between ade-16 and ade-6 or are diffused in the same region. Also, the possibility that a small number of sRNA loci are located on the distal part of the chromosome cannot be completely eliminated.
The fact that ribosomal RNA and sRNA loci are close together in a proximal region of the chromosome may suggest its functional significance. The fact that B. subtilis has a dormant stage as a spore may suggest that the sequence of gene order on the chromosome of B. subtilis has some significance in the regulation of gene function during spore germination: the development of metabolically active cells from the spore. 1 A prediction which can be made from the present result is that the sRNAmediated suppressor genes may be localized in a region of the B. subtilis chromosome similar to that of sRNA. It is interesting to note that suppressor genes of Escherichia coli are not confined to one region but scattered along the chromosome."4
The saturation experiment (Fig. 2 ) and the dilution experiment (Fig. 3) indicate that the sRNA preparation used for hybridization experiments should be clean in the sense that no appreciable amounts of ribosomal RNA and messenger RNA are present in the preparation. In the present system, there was no competition between 16S and 23S ribosomal RNA's for hybridization with DNA, indicating structural dissimilarity between the two RNA's. The saturation plateau shown in Summary.-The location of genes corresponding to soluble RNA on the B. subtilis chromosome was studied by employing the techniques of synchronization of the chromosome and specific hybridization between labeled soluble RNA and DNA. The results indicate that sRNA genes are clustered in the region close to ribosomal RNA loci between two adenine markers on the proximal part of the chromosome. During the past several years a number of genes have been discovered by Humphrey in the Mexican axolotl-genes that affect development at various times ranging from oogenesis to larval stages.1-8 Of these, the ones that exert effects on the egg cytoplasm during o6genesis are of special interest because of the possibility that they may eventually provide new ways of studying the egg cytoplasm and its control over the early development of the embryo. One gene in particular seems promising in this regard.9 This gene, designated by the letter o because of its effect on the o6cyte cytoplasm, acts as a simple recessive. Heterozygotes (+/o) are indistinguishable from wild-type individuals. When mated with each other, they produce offspring all of which develop normally through embryonic and early larval stages. The homozygous (+/+) and heterozygous (+/o) individuals from such matings continue to develop normally throughout. The homozygous recessives (olo), on the other hand, begin to display certain abnormalities during larval life. These include a somewhat slower than normal growth rate, and a marked reduction in the capacity to regenerate amputated limbs.9 10 Nonetheless, these o/o individuals from heterozygous parents eventually attain sizes approaching that of full-grown normal axolotls, and appear to function normally or nearly so with one important exception-that of reproduction. About one half of the o/o animals remain juvenile with respect to secondary sexual characteristics and on further analysis are shown to be sterile males. The remaining half of the o/o's appear to be normal females, but when mated with +/+ or +lo males, they spawn fertilized eggs of a unique type. Regardless of the genotype of the sperm, these eggs develop normally to blastula stage but are then without exception arrested during gastrulation, usually at a stage not more advanced than the crescentic blastopore stage. In relatively rare spawnings the blastopore closes completely and the embryos elongate, but even in these cases there is no evidence of neural fold formation. On the basis of this evidence it appears that gene o exerts a maternal effect,
